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ABSTRACT

Alloy 22 (N06022) is the current candidate alloy to fabricate the external wall of the high level 
nuclear waste containers for the Yucca Mountain repository. It was of interest to study and compare the 
general and localized corrosion susceptibility of Alloy 22 in saturated NaF solutions (~ 1 M NaF) at 
90°C. Standard electrochemical tests such as cyclic potentiodynamic polarization, amperometry, poten-
tiometry, and electrochemical impedance spectroscopy were used. Studied variables included the solu-
tion pH and the alloy microstructure (thermal aging). Results show that Alloy 22 is highly resistant to 
general and localized corrosion in pure fluoride solutions. Thermal aging is not detrimental and even 
seems to be slightly beneficial for general corrosion in alkaline solutions.  

Keywords: N06022, fluoride, pitting corrosion, crevice corrosion, transpassivity, thermal aging, cyclic 
polarization, EIS, corrosion rate, nuclear waste disposal

INTRODUCTION

Worldwide, geological repository has been considered as the ultimate home for high-level nu-
clear waste by many countries.  In the United States, Yucca Mountain is the designated site to bury ap-
proximately 70,000 tons of high-level nuclear wastes in specially engineered packages.1 These packages 
are designed to maintain isolation of the waste for a minimum of 10,000 years and the containers will be 
double walled cylinders.  The inner wall must provide mechanical strength and the outer wall is the cor-
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rosion resistant barrier.  The current design specifies Type 316 (S31603) nuclear grade (NG) stainless 
steel for the inner container and Alloy 22 (N06022) for the outer container.2 3  The waste container 
should not leak radioactive material for at least 10,000 years.  If water is present in the repository site, it 
is assumed that Alloy 22 may undergo three different corrosion mechanisms, namely, (1) General or
uniform corrosion, (2) Localized corrosion and (3) Stress corrosion cracking.4  This paper discusses only 
the first two types of degradation.

Due to the heat generated by the radioactive decay of the waste, the containers might experience 
temperatures as high as 180ºC during the first 1000 years after emplacement.  The maximum allowed 
temperature by design specifications is 350ºC.1   Studies of the thermal stability of Alloy 22 for such a 
long time are impractical in the laboratory.  Extrapolation of the thermal aging data is required to predict 
the alloy behavior over the 10,000 years life.  Previous studies have shown that the mechanical and cor-
rosion properties of this alloy did not change when it was aged for up to 40,000 h at 427ºC.5 6 7  Micro-
structural changes that occur in the base material and weldments have been evaluated at temperatures 
from 427 to 760ºC.  Tetrahedral close packed (TCP) phases precipitate in Alloy 22 at temperatures of 
593ºC and higher.8 9 10  These phases could have a detrimental effect upon corrosion resistance and cause 
a loss of mechanical ductility.  A long range ordering reaction (LRO) can occur at lower temperatures 
and produces an ordered Ni2(Cr,Mo) phase.7 8 11   This ordering reaction is thought to cause little or no 
effect on corrosion and causes only a slight loss in ductility. 

Many commercial nickel alloys are useful in various applications because of passive oxide films 
that form naturally on their surfaces.  However, such passive films are often susceptible to breakdown 
by mechanisms of pitting and crevice corrosion.  This type of attack specially occurs in the presence of 
halide compounds.12 13   Different quantities of fluorides and chlorides can be naturally found in ground 
waters.  While the effects of chloride on the passive state and localized corrosion have been studied ex-
tensively, the effects of other compounds such as fluorides have not been fully characterized.14

It has been reported by several authors that nickel-based alloys generally have high resistance to 
corrosion in fluoride solutions.15 16 17   In recent studies the results demonstrated that some nickel alloys 
containing chromium, molybdenum, and tungsten have shown an excellent resistance to pitting and 
crevice corrosion in sodium fluoride solutions at different temperatures.14 18

The aim of this study was to investigate the effects of pH and alloy thermal aging in ~ 1 M NaF 
solutions on the corrosion behavior of Alloy 22, both at the open circuit potential and in the passive and 
transpassive domains.  

EXPERIMENTAL PROCEDURE

The Alloy 22 specimens were prepared from wrought mill annealed plate stock (MA probes).
The chemical composition of the alloy in weight percent was 59.20% Ni, 20.62% Cr, 13.91% Mo, 
2.68% W, 2.80% Fe, 0.01% Co, 0.14% Mn, 0.002% C, and 0.0001% S.  Some samples were aged for 10 
h at 760ºC (TCP probes) and 1000 h at 538ºC (LRO probes).  Aging was performed in air and the sam-
ples were quenched in water after the heat treatment.  Parallelepiped specimens measuring 12 mm x 12
mm x 15 mm were mounted with a PTFE compression gasket (ASTM G 5).19 A torque was applied to 
the gasket to ensure a leak-proof assembly.  The occluded area from the PTFE gasket was 0.75 cm2 and 
the exposed area of the sample was 10.5 cm2.  The samples had a finished grinding of abrasive paper 
number 600 and were degreased in acetone and washed in distillated water 1 hour prior to testing.

Electrochemical measurements were conducted in a three-electrode, borosilicate glass cell.  A 
water-cooled condenser combined with a water trap was used to maintain solution concentration and 
controlled atmosphere.  The solution temperature was controlled by immersing the cell in a thermosta-
tisized water bath.  The cell was equipped with both an air cooled Luggin and a saturated calomel elec-
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trode (SCE) reference.  A large area platinum wire was used as counter electrode.  The electrochemical 
tests were carried out in room temperature saturated NaF solutions (these solutions are approximately 1 
M NaF) at pH values of 6, 7.3 and 9. The naturally prepared 1 M NaF has a pH of approximately 9. To 
adjust the pH to lower values, small amounts of HF were added. The test temperature was 90ºC.  

The cyclic potentiodynamic polarization technique (ASTM G 61)19  was used to determine the 
electrochemical characteristics and susceptibility to localized corrosion of Alloy 22 in these media.  The 
potential scan was started 150 mV below the corrosion potential versus the reference electrode.  The 
scan rate used was 0.167 mV/s, and the scan direction was reversed when the current reached 1-10 
mA/cm2. At the conclusion of the test, the specimens were examined microscopically for signs of corro-
sion.  Amperometry measurements were conducted at two selected potentials in the passive and 
transpassive domains.  Specimens were held potentiostatically at 0.000 and 0.370 VSCE for a 2 hours 
period while the anodic current density was recorded.  A cathodic treatment at -1.000 VSCE for 5 minutes 
was performed previously to the tests.  Before immersing the testing specimens, the solutions were 
purged for half an hour with nitrogen inert gas and it was maintained during the tests.  Electrochemical 
Impedance Spectroscopy (EIS) measurements were carried out at the corrosion potential and at a poten-
tial of 0.100 VSCE.  A 5 mV amplitude sinusoidal potential signal was superimposed to the corrosion 
potential of the test probe.  The frequency scan was started at 10 kHz and ended at 1 mHz.  The parame-
ters of equivalent circuit mathematical models were fitted to these data in order to obtain polarization 
resistances RP, which led to instantaneous uniform corrosion rates.  The Tafel constants, βA and βC, were 
assumed to be ± 0.12 V/decade for the calculation of the corrosion currents from RP values.

Corrosion rates were calculated using Equation (1)

( ) ρ=
EWKi

yrmmCR corr (1) 

Where icorr is the passive corrosion current density in A/cm2, EW is the equivalent weight, K is the 
faradaic conversion factor (3,270 mm g A-1 cm-1 yr-1) and ρ is the density in g/cm3 (8.69 g/cm3 for Alloy 
22).  Assuming congruent dissolution of the major alloying elements as Ni2+, Cr3+, Mo3+, Fe3+, and W4+

the EW for Alloy 22 is 23.28.20

Solutions and precipitates obtained after cyclic polarization measurements were analyzed using 
X Ray Fluorescence (XRF).  The technique used was Total Reflection X-Ray Fluorescence (TRXF), 
which involves very low incident angles.  These low angles allow the x-rays to undergo total reflection. 
This minimizes the adsorption of the x-rays and greatly enhances the lower limits of detection.  This 
allows very accurate determinations of metallic cations.  The lamp used in the analysis was equipped 
with a molybdenum anode hindering the presence of this element in the analysis.  The amount of total 
metal cations found both in solutions and precipitates were expressed as mol of cations per volume of 
initial solution. 

RESULTS AND DISCUSSION

Cyclic polarization

Figures 1-3 show typical cyclic polarization curves for Alloys 22 in nitrogen purged solutions.  
Corrosion potentials did not show a clear dependence with either the pH or the microstructure (themally 
aged condition).  For the lowest tested pH values, a small activation current peak was always observed 
which was rarely found at pH 9 (Fig. 1).  Alloy 22 presented a wide passive range with approximately 
constant passive current density. The passive current density increased as the pH decreased (Fig. 1), but 
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it was independent of the microstructure (Fig. 2).  Passive current values for different pH and micro-
structures are listed in Table 1.  The decrease in pH values from 9 to 6 produced an increase both in pas-
sive and transpassive current densities.

At potentials higher that those corresponding to the passive zone an abrupt increase of current 
took place with the formation of a transpassive current peak.  This transpassive peak could be deconvo-
luted in at least three gaussian peaks as can be seen in Figure 5.  Both potential and current peak maxima 
increased with decreasing pH, indicating that the electrochemical reactions that produce these peaks are 
pH dependent in a magnitude of around 50 mV per pH unit (Fig.4).  All nickel oxides (including 
Ni(OH)2) would present a similar behavior (59 mV per pH unit) according to thermodynamic data.21.

Chromium dissolution to chromate or dichromate would present higher pH dependences.21. In simulated 
concentrated water (SCW) at pH 11 and 60°C and 90°C, results of coordinated polarization experiments 
and passive film analyses indicated that the pronounced anodic oxidation peak between 200 and 400 
mVSCE was due to the oxidation of Mo4+ to Mo6+ within the passive film.22  Thermodynamic data 
predict, as for chromium, larger pH dependence for this reaction in molybdenum.  

After this first transpassive peak, a second current increase took place in the polarization curves 
(second transpassivity).  This second current increase seemed to be pH dependent but in a lesser extent 
than the first transpassive multiple peak.  The potential scan was reversed once the anodic current 
reached 1 to 10 mA.cm-2 (the maximum anodic current attained before potential scan reversal was in-
creased at pH 6 to allow full visualization of the first transpassive peak).  A large current hysteresis be-
tween forward and reverse potential scans was observed.  Once the polarization curve was finished a 
yellowish gelatinous precipitate was found in the solution inside the electrochemical cell and partially 
covering the probe.  The cyclic polarization was then repeated but reversing the scan at potentials im-
mediately after the first transpassive peak (Fig. 3).  Neither precipitates nor positive current hysteresis 
were found this time, on the contrary, the electrode seemed to be completely passivated in the reverse 
potential scan.

Microscopic observation

At the conclusion of all the polarization curves, the specimens were examined microscopically 
for signs of corrosion.  Neither pits nor crevices where found in any case.  Positive current hystereses 
observed in the cyclic polarization curves should then be attributed to film dissolution and to the corre-
sponding loss of corrosion protective power.  

X-Ray Fluorescence (XRF)

A qualitative analysis of the precipitates found indicated the presence of significant amounts of 
silicon (Si) and Ni as main components.  The most likely source of dissolved Si is the borosilicate test 
cell.  Amorphous silica has a great adsorption capacity and can trap heavy metal ions in its structure.23

Both solutions and precipitates, obtained after the polarization curves were ended, were analyzed 
quantitatively looking for metal ions using XRF.  Figure 6 shows the concentrations found after 
polarization curves of Figure 3.  Ni, Cr, Fe and W were the principal elements found in the analysis.  It 
must be taken into account that certain amount of Ni could have been deposited in the counter electrode 
because of the nobility of this element, and consequently it did not appear in this analysis.  As it was 
previously mentioned, the presence of Mo was hindered by the molybdenum anode used in the 
equipment, so that the anodic charge calculated with these metallic element concentrations was lower 
than that obtained by integration of the anodic current during the wider cyclic polarization.  From Figure 
3 it is seen that insignificant metal dissolution had occur after the first transpassive peak reinforcing the 
idea that this peaks correspond to solid phase transformation from one oxide to another with higher oxi-
dation state.  Possibly, the same oxide presents three different reversible potentials for different surface 
states.  Mo dissolution at the first transpassive peak, as proposed elsewhere22 , could not be evaluated 
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dissolution at the first transpassive peak, as proposed elsewhere22 , could not be evaluated because Mo 
can not be detected in these tests.  

Potentiometry

The analysis of the localized corrosion susceptibility with the electrochemical parameters ex-
tracted from the cyclic polarization curves was carried out, anyway, following the procedure of a previ-
ous publication.14 The corrosion resistance model for the degradation of the waste package specifies 
that the outer wall may suffer localized corrosion only above a certain critical potential (Ecrit).  This Ecrit

represents a potential above which the current increases substantially and irreversibly above the passive 
current density. At a potential below Ecrit, the corrosion rate will be given by the passive dissolution rate 
at the respective value of the free corroding potential (Ecorr).  Ecrit is a parameter that may vary in value 
depending on the testing method. This parameter could represent, for example, the breakdown potential 
(Eb) or a repassivation potential (Er).  In any case, the safety margin against localized corrosion is given 
by ∆E = Ecrit – Ecorr.  Since the true value of Ecrit is not known, another criterion is used to establish a 
threshold potential.  The threshold potential is defined as E20 and represents the lowest value of potential 
during potentiodynamic polarization at which the current density reached 20 µA/cm2.  This pre-
determined current density could have been attained through an intermediary anodic peak (as in this 
case), the onset of pitting corrosion, crevice corrosion or even by transpassivity. Therefore, the criterion 
used in this study is considered as a “highly conservative value” since the intermediary anodic peaks 
may not represent steady state conditions.

In order to determine ∆E = E20 – Ecorr, the open circuit potential attained after 24h immersion in 
fresh solutions without nitrogen purging were measured as a function of pH and microstructure, results 
are shown in Table 2.  Even in the case that the first transpassive peak, which determined the E20 value, 
would diminish the corrosion resistance of the passive film, the safety margin ∆E was high enough to 
prevent from corrosion degradation, under the supposition that Ecorr after 24h can be extrapolated to 
longer times.  The shift of the corrosion potentials after immersion until 24 h was approximately 350 
mV, a value that is in good agreement with published results for longer periods. Results obtained at 
Lawrence Livermore National Labs for as long as four years indicate a shift in more than 500 mV in 
corrosion potential for other solutions.22

Amperometry

Figure 7 shows the variation of the anodic current when two different constant potentials, one in 
the passive range and the other at the top of the first transpassive peak, were applied to MA coupons of 
Alloy 22 immersed in saturated NaF solutions at pH 9 purged with nitrogen. After the tests the probe 
held potentiostatically at the passive potential showed a metallic characteristic aspect while the probe 
held at the transpassive potential showed interference colors.  After two hours the currents of passive 
and transpassive potentials were quite similar compared with the corresponding values obtained during 
cyclic polarization (Fig. 3) where the difference between them was of two orders of magnitude.  This is 
in good agreement with the results obtained when the potential scan was reversed immediately after the 
first transpassive peak (Fig. 3) and with the idea thatthis peak corresponds to an homogeneous solid 
electrochemical reaction.

Electrochemical Impedance Spectroscopy

The corrosion rate of freely corroding samples was monitored using the Electrochemical Imped-
ance Spectroscopy Technique.  Figures 8 and 9 show typical Bode diagrams obtained during EIS meas-
urements at the corrosion potential.  A diagram like that of Figure 8 was obtained immediately after 
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immersion of the samples and when the corrosion potential was at the small anodic activation peak po-
tential range.  It was observed that the phase angle presented two maxima corresponding to two time 
constants.  The high frequency time constant was attributed to exchange current densities due to the 
proximity to the reversible potentials for the metal oxidation.  The low frequency time constant is then 
considered as the charge transfer leading to the corrosion rate.  Once the anodic oxide was formed and 
the corrosion potential was moved towards the full passive range, impedance diagrams changed to sim-
pler ones presenting a single time constant as that shown in Figure 9.  In both cases Bode plots presented 
phase angle maxima smaller than 90° and absolute values of the impedance modulus slope lower than 1.  
Correspondingly, Nyquist plots (not shown) showed a depressed semi-circle aspect.  Many reasons have 
been proposed in the literature to explain this behavior such as surface roughness, frequency dispersion 
of time constants due to local inhomogeneities in the dielectric material, porosity mass transport effects 
and relaxation effects.24 25 26 27  In order to account for these effects, non-ideal capacitors must be intro-
duced into the equivalent circuit proposed to reproduce the experimental results, according to the theory 
presented by Jonscher.28   In the present case, equivalent circuits consisting of a pure resistance RΩ in 
series with parallel circuits of ideal resistances and non-ideal capacitors called constant phase elements 
(RΩ–R||CPE)24 were proposed.  These equivalent circuits are the simplest ones that can simulate ade-
quately the experimental results and are depicted in Figure 10. They do not include all the complexities 
involved in taking into account the exact semiconductor properties of the metallic oxides which could 
imply to add more complex circuits elements as diodes29 or frequency dependent resistances typical of 
porous electrodes with distributed resistances and capacitances in a network.24  For the proposed equiva-
lent circuits, the following transfer functions are obtained:

( ) LF

LFP

LF

CRj1

R
RZ βΩω ω+

+= (2) 

 
for one phase angle maximum, and

( ) ( ) LFHF

LFLF

LF

HFHF

HF

CRj1

R

CRj1

R
RZ ββΩω ω+

+ω+
+= (3) 

 
for two phase angle maxima, where j is the imaginary unit (sqr-1), ω is the angular frequency, RΩ is the 
ohmic component of the complex impedance Zω at very high frequencies, C denotes ideal capacitors, β
is the dispersion parameter indicating the deviation of the model form pure R-C circuits28 and subscripts 
LF and HF correspond to the parameters fitted at low and high frequencies, respectively.

Equations 2 and 3 were fitted to the experimental impedance spectra using the Simplex method 
with software developed in our laboratory.  A good agreement was obtained between fitted and experi-
mental results as can be shown from Figures 8 and 9.

Impedance measurements were made periodically at the corrosion potential during 24 hours of 
immersion.  Using the above mentioned methodology fitting parameters were obtained and the low fre-
quency ones are shown in Figure 11 for Alloy 22 in MA condition at pH 9 as an example.  It can be seen 
that the passivation of the alloy is associated with an increase in the low frequency resistance RLF and a 
decrease of the low frequency capacitance CLF.  The values obtained for CLF lie in the double layer ca-
pacitance domain (between 20 to 50 µF.cm-2).  When the initial Ecorr was located at potentials in the ac-
tive anodic peak range, high values of CLF were obtained indicating the presence of faradic processes 
with could produce pseudo-capacitances higher than the double layer capacitance.  As was mentioned 
before the low frequency resistance RLF was associated, then, to the transfer resistance leading to the 
corrosion current and it will be mentioned hereafter as the polarization resistance RP.
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Figure 12 shows the variation of both Ecorr and RP as a function of time.  The variation of RP with 
time can be associated to both a change in Ecorr (shifting to more noble potentials with time) and to the 
elapsed time at a fixed potential, which produce increasing and/or aging of the oxide film

Figure 13 shows the variation of RP and corrosion rate, calculated with eq. 1, as a function of the 
pH of the solution and the microstructure of the alloy after 24h of immersion.  It can be seen that, for all 
the microstructures in the range of pH tested, the corrosion rate calculated was very low, and that it de-
creased when the pH was increased.  There were no differences in corrosion rates for the three micro-
structures at pH 6 but at pH 9 lower corrosion rates were obtained for the aged samples being LRO the 
one that presented the lowest corrosion rate at this pH.  Long-range ordering reaction is thought to cause 
detrimental effects upon stress corrosion cracking and hydrogen embrittlement but no or little effect 
upon passivity.22   The presence of tetrahedral close packed (TCP) phases precipitates not only did not 
increase corrosion rate but also decrease this parameter at pH 9.  These differences in corrosion behavior 
for different microstructures where not detected by passive currents differences in the cyclic polarization 
curves possibly due to the potential scan rate used.  At pH 9 lower corrosion rates implies higher periods 
of time to wait until stationary state is reached. Steady state polarization curves will surely detect these 
differences in corrosion behavior.

CONCLUSIONS

- Alloy 22 is highly resistant to localized corrosion in saturated NaF solutions at 90ºC for the three 
microstructures used: MA, TCP and LRO.  Neither pits nor crevices where found after anodic 
polarizations reaching currents up to 1-10 mA.cm-2. Positive current hysterses observed in cyclic 
polarization curves are due to film dissolution.

- Solution pH showed a considerable influence over passive and transpassive currents for the three 
microstructures studied.  The lower the pH the higher the passive and transpassive current densi-
ties.

- The first transpassive peak observed in the anodic potential scans should be attributed to electro-
chemical transformations within the oxide like those of nickel and/or molybdenum.

- General corrosion rates for all microstuctures, tested after 24 h immersion in saturated NaF solu-
tions at 90ºC in the pH range between 6 and 9, are very low, 0.4 µm.year-1 and lower.  At the 
higher pH LRO and TCP microstructures have lower corrosion rates than the MA condition.

- Degradation of corrosion properties by the presence of TCP phases was not detected in the stud-
ied conditions.
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TABLE 1
PASSIVE CURRENT DENSITIES FOR ALLOY 22 IN SAT. NaF AT 90ºC.

AVERAGED VALUE FROM CYCLIC POTENTIODYNAMIC POLARIZATION CURVES IN THE 
PASSIVE RANGE.

iPASSIVITY, µm/cm2

pH MA TCP LRO
6 2,02 2,15 2,07

7,3 0,87 - -
9 0,65 0,60 0,71

TABLE 2
SAFETY MARGIN FOR TRANSPASSIVITY ONSET FOR ALLOY 22 IN SAT. NaF AT 90ºC.

E20 - ECORR (24 hs), V
pH MA TCP LRO
6 0,407 0,391 0,459

7,3 0,425 - -
9 0,456 0,401 0,385
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FIGURE 1 – Cyclic potentiodynamic polarization 
curves for Alloy 22 TCP in sat. NaF at 90ºC. Scan 
rate 0.167 mV/s, N2 bubbling. Empty symbols: 
direct scan, full symbols: reverse scan.
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FIGURE 2 – Cyclic potentiodynamic polarization 
curves for Alloy 22 in sat. NaF, pH 6 at 90ºC. 
Scan rate 0.167 mV/s, N2 bubbling. Empty sym-
bols: direct scan, full symbols: reverse scan.
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FIGURE 3 – Cyclic potentiodynamic polarization 
curves for Alloy 22 MA in sat. NaF, pH 9 at 90ºC. 
Scan rate 0.167 mV/s, N2 bubbling. Empty sym-
bols: direct scan, full symbols: reverse scan.
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FIGURE 5 - Current density vs. potential plot for 
Alloy 22 LRO in sat. NaF, pH 9 at 90ºC. Scan rate 
0.167 mV/s, N2 bubbling. P1: peak number 1, P2: 
peak number 2, P3: peak number 3.
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FIGURE 4 – Deconvoluted peak potentials of the 
first transpassive peak for Alloy 22 in sat. NaF at 
90ºC. Empty symbols: pH 9, full symbols: pH 6. 
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FIGURE 6 – Concentration of dissolved metal 
ions for Alloy 22 MA in sat. NaF, pH 9 at 90ºC 
corresponding to cyclic potentiodynamic polariza-
tion curves A and B of Figure 3.
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FIGURE 7 – Amperometry for Alloy 22 MA in 
sat. NaF, pH 9 and 90ºC. N2 bubbling.
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FIGURE 8 – Bode plot for Alloy 22 MA in sat. 
NaF, pH 7.3, 90ºC, at Ecorr = -0.516 VSCE, after 5 h 
of immersion, without N2 bubbling.
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FIGURE 9 – Bode plot for Alloy 22 MA in sat. 
NaF, pH 7.3, 90ºC, at Ecorr = -0.112 VSCE, after 24 
h of immersion, without N2 bubbling.

a - two time constants

b - single time constant

FIGURE 10 – Equivalent Circuits fitted to the 
experimental impedance results like those of Fig-
ures 8 and 9 respectively
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FIGURE 11 – Variation of RLF and CLF with Ecorr

for Alloy 22 MA in sat. NaF, pH 9 at 90ºC, with-
out N2 bubbling.

0 20k 40k 60k 80k
-0,50

-0,45

-0,40

-0,35

-0,30

-0,25

-0,20

-0,15

-0,10

-0,05

R
LF

, Ω
.c

m
2

E
CO

R
R, V

SC
E

t, s

0,0

500,0k

1,0M

1,5M

2,0M

2,5M

3,0M

3,5M

4,0M

FIGURE 12 – Corrosion potential and low fre-
quency resistance for Alloy 22 TCP in sat. NaF, 
pH 9 at 90ºC, without N2 bubbling.
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FIGURE 13 – Variation with pH of polarization 
resistances and corrosion rates for Alloy 22 in sat. 
NaF at 90ºC after 24 h of immersion, without N2

bubbling.


